Turkey has invested in generating solar power industry to meet the energy demand as well as saving the national energy resources. The government has also substituted some of the energy consumption with clean energy sources, especially on-grid PV power plants. In recent years, a number of incentives are provided to persuade investors to invest in solar energy sector in Turkey. In this context, KRMN-SNAPS 1.6 MW PV power plant is installed in Konya Province in the Central Anatolia region of Turkey. The most important information that have to be known in advance are the cost and duration of the investment. Therefore, pre-investment production analysis of the PV power plant is very essential. The performance of the power plant depends on some parameters for instance temperature, irradiance and sunshine duration. In this study, solar PV arrays are modelled by using MATLAB/Simulink and the power plant is simulated based on the above mentioned meteorological parameters. The simulation results of the PV power plant were compared with the actual production data. In the simulation, long-term average data on production of the location were used and it is observed that the simulation results and the one year's actual production data are compatible with each other.
Introduction
In the last few decades, Turkey is one of the greatest growing economical countries in the world for the most industrial fields [1] . This development has increased not only the consumption of the resources of both local and imported energy (oil, natural gas and coal) to supply all the operating needs, but also has risen the anxiety of energy resources shortage in the country [2] . Furthermore, in the developing countries, the rapid growth in population and industrialization have led to increasing the energy demands with an increase in power consumption.
Energy, as a civilization factor, is considered as one of the main indicators that can be used to recognize the economic and social development strength level of any country. This has brought out the The current expressions can be written according to the electrical circuit in Fig. 1 as following:
According to the numbers of diodes, there are two types of a solar cell equivalent circuit, the single-diode and two-diode model as shown in Fig. 2 . A few milliohms of series resistance Rs is occurred owing to the movement of current through the p-n junctions and the contact resistance between the metal contact and the silicon in the PV cell. Moreover, the power losses and leakage currents occur as a parallel resistance Rp in the equivalent circuit [22] . The single-diode equivalent circuit of PV cell is shown in Fig 2a. [23] .Here, Iph and Id are photocurrent generated by solar radiation and the current of diode, respectively. Rp is the parallel resistance, Ip is the current of parallel resistance, Rs is the series resistance, Ipv is the current of PV module and V is the PV module voltage.
The basic equations of PV cell can be derived from semiconductor theory and electrical circuits analysis methods as it given below [24] :
The diode current can be written using shockley diode equation:
Here; q is the electron charge (1.602 x 10 -19 C), n is the ideality factor (1.6), Io is the reverse saturation current of the diode, K is Boltzmann constant (1.38 x 10 -23 J/K) and T is the temperature in Kelvin. If the values of Ip and ID are written into Eq.1:
The two diode equivalent circuit is consisted of a current source, two diodes are connected in parallel, the Rs and the Rp (Fig 2b) . According to Kirchhoff's Law:
The currents of the two diodes can be derived from Eq.4 as: 
The IPV can be calculated from the above equation.
Electrical Characteristics of PV Module
PV module is constructed by connecting PV cells in series to obtain an adequate output voltage. While PV systems are commonly operated as multiples of 12 volts, PV module is typically designed for optimal operation conditions in these systems. The main target of this design is connecting of appropriate number of PV cells in series to sustain the voltage of the module (Vm) within a comfortable range of the battery system voltage under conditions of average irradiance. Consequently, the output power of the module can be maintained close to the maximum. Vm is normally about 80% of the open circuit voltage of the module Voc. Silicon single cell open-circuit voltages is typically in the range of 0.5-0.6 volts, with a generating capacity of 2~3 watts per individual cell. PV module is made up of a parallel-series configuration of PV cells as it is shown in Fig. 3 . Here, Fig. 3a and b illustrate the symbol and the equivalent circuit of PV module, respectively. The PV module can be modelled mathematically as given in the next equations. PV module photocurrent is [25] :
PV module reverse saturation current, Irs and saturation current, Io are given as:
The output current of PV module is:
Here, Ns is the number of PV cells connected in series; Np is the number of the parallel connections of cells; IphNp is the summation of the Iph produced in each PV cell. Rs and Rp are the equivalent series and parallel resistances of the array, respectively. Isc is short circuit current supplied by PV module under short-circuits condition. Ki is the short-circuit current coefficient of cell which equals to 0.0017A at STC. T is the operating temperature (K) for PV module. G is the solar radiation (W/m 2 ). Voc is open circuit voltage (V) which means lack of current; n is the ideality factor of the diode which equals to 1.6. Tr is the nominal temperature (298.15 K). Eg0 is the band gap energy of the semiconductor (1.12 eV).
Grid-Connected PV System Sizing
According to the amount of energy to be produced or needed; on-line PV systems are based on the principle of consuming or transferring the generated energy to the network rather than storage in the batteries. The location selection criteria of the solar power plants directly affects the processes from the installation stage to the operation phase and the electricity production costs. Site selection is determined according to efficiency, legal regulations and environmental impact assessment criteria.
Geographical coordinates
Project's name is KRMN-SNAPS 1.6 MW PV power plant is investigated. It is located within the boundaries of Çumra, which is a town and district of Konya Province in the Central Anatolia region of Turkey, at a longitude of 32.83°E, latitude of 37.55°N and at an altitude of 1012m. The project site is approximately 1.8 km from Okçu neighbourhood and 5.5 km from Çumra center. 
Solar radiation in the project site
The annual average of sunshine duration in Turkey is 2640 hours. In this case, the daily average of sunshine hours is 7.2h. Furthermore, the country has an annual average of radiation intensity of 1311 kWh/m², which equals 3.6 kWh/m² per day.
The total annual sunshine duration of KRMN-SNAPS 1.6MW in Çumra is 2985.64 hours. At the same time, the daily average of sunshine hours is 8.18 h. Moreover, the project site has an annual average radiation intensity of 1646.55 kWh / m², which equals 4.51 kWh/m² per day. The total sunshine-hours and the total radiation intensity are 13.5% and 25.5% of Turkey, respectively. Global solar irradiation per m 2 -day and average sunshine-hours of project location during the year are shown in Fig Photovoltaic Geographical Information System (PVGIS) is an online free solar radiation database of the selected location in Europe, Africa, America and Asia for stand-alone or grid-connected systems or plants. Furthermore, the solar radiations data as MONTHLY, DAILY and HOURLY DATA can be supplied. Therefore, for this location, PVGIS Estimates of long-term monthly averages irradiation are given in Table 1 . PV arrays are connected directly to the utility grid via special equipment to modulate the output of the inverter to be similar to the grid parameters. The power produced from these systems is effectively utilized, as there are no costs due to no energy storage system included. In this way, Energy is directly supplied to feed the electrical network via PV power plants. However, in standalone systems, energy must be instantly consumed through connecting electrical loads or has to be stored in batteries.
The Characteristic of PV module
Experimentally, the PV module is the most important component of the system for its long service life and reliability. Most of the manufacturers give a twenty to twenty-five years guarantee for each modules [19] . The PV modules used in KRMN-SNAPS 1.6 MW PV power plant are of 290Wp rating, made up of monocrystalline. They have an efficiency of 17.03% under STC and fixed characteristic. It is produced with its linear performance warranty covering a period of 25 years. The values of VOC and ISC are 39.9V and 9.97A under STC, respectively. Voltage and current values at maximum power point are 31.4V and 9.33A, respectively. In addition, maximum system voltage and reverse current are1000V and 25A, respectively, while operating range of PV module is from -40°C to 85°C. The solar panels installed in such a way are structure to structure and leg centre-to-centre distance is at 4 m. The distance between modules (Panel to panel) and grounds to lower edge of the module are 25 mm and 400 mm, respectively. To have a better yield, the modules are cleaned twice in a month.
Power conditioning unit/grid tie inverter
Inverters convert the electricity produced in solar panels from DC to AC used by network. In the KRMN-SNAPS 1.6MW GES project, 72 ABB brand inverters were used. The values of rated DC input power and rated DC input voltage are 28600W and 750V, respectively. The output of the inverter is synchronized automatically with same voltage and frequency as that of grid.
Power Evacuation
The transformer used to transfer the generated energy to the grid has a rated power of 1600kVA. The voltage equals to 380 V at primary side of the transformer and 33kV at secondary side that directly connected to grid. The transformer has an efficiency of about 98,83%.
The layout of the solar power plant
KRMN-SNAPS 1.6 MW PV power plant project aims to generate energy in the facility located within the boundaries of Okçu neighbourhood. The entire capacity of the plant is 1.6 MW that built over approximately 21924 square meters of land. The area of this project contained of two block. Each one block is producing a maximum power of about 800 kW, so a summation of 72 circuits are needed to generate a peak of 1.6 MW power. The total number of PV modules is 6180. A total number of 20 PV modules are connected in series to form one string and a total 72 strings combined to one inverter, 51 of which consist of 4 parallel panels and 21 of which 5 parallel panels. Converted AC power feeds the 380V/33kV transformer. The secondary side of the transformer as it mentioned before is directly plugged to the 33 kV high voltage network. The PV power plant is designed in such a way that it has less cost, high reliability, and generating as much energy as possible. During nights, when the solar irradiance needed to generate energy is not available, the energy required for operating internal equipment of the solar plant such as lighting, initial starting of the batteries and control room appliances can be supplied from the power of grid.
Tilt angle
The maximum solar irradiance facing on PV array can be obtained by adjusting a suitable slope that is related to the latitude of its location and it known as the tilt angle [26] . The PV power plant implements latest technology for tracking the appropriate angle of solar modules. In addition, a technology that can be controlled manually to adjust the seasonal tilt of PV array is used to absorbe as much irradiance as possible and generating maximum power. In order to obtain more power output by absorbing more solar radiation, the tilt angle of the PV array should be adjusted manually regarding to the different seasons of the year. In order to produce the highest energy depending on the season, the tilt angle can be set to 47.82° in winter and 17.82° in summer [29] . However, due to the high labour cost, the tilt angle is set to 25°, which is the optimum value for all the year.
Simulation using PVSYST
The selection of location and system equipment and the modeling of the optional system is very important for the on-grid or off-grid PV power plant to be installed. The PVSYST package program is used for this purpose. 3D simulation of the planned PV power plant can be performed, the performance of the system is obtained, and the shadows falling on the PV modules in the sunrise and sunset can be analysed in real time.
Thus, the performance of the power plant can be evaluated before installation. In this context, the PVSYST analysis was performed for the installed PV system, and the project was conducted jointly for two projects with an analysis power of 800 kWe. Analysis revealed that the total annual power generation is 3027 MWh. This value is the total electricity production value of the two projects. One of the program outcomes of the simulation results is Fig. 6 . 
Modelling and simulation of the solar power plant
In the study, a 1600-kW PV array connected to a 33 kV grid via a DC-DC boost converter and a three-phase three-level Voltage Source Converter (VSC) is simulated in MATLAB/Simulink. The screen image of the Matlab/Simulink and schematic diagram for the modeled power plant are given in Fig. 7 .
Incremental Conductance and Integral Regulator techniques are implemented in the boost converter as Maximum Power Point Tracking (MPPT) [27] . 5-kHz DC-DC boost converter is used to increase the voltage from PV system output voltage to 750 V DC. The MPPT system automatically varies the duty cycle to generate the optimum voltage and to produce maximum power.
The VSC converts the 750 V DC link voltage to 380 V AC and and maintains unity power factor. A 5 kVAr capacitor bank is used to filter harmonics produced by VSC. 1600-kVA 380V/33kV threephase coupling transformer is utilized for connecting the PV system to the grid. As a utility grid 33 kV, 8 km distribution feeder is used. Located in the sunbelt Turkey, although it differs geographically, it is known that there is no big difference in solar radiation values. In the study, Çumra/Konya region is selected, which is eligible in terms of sunshine duration and solar radiation values. Average daily solar radiation values per month required for analysing the performance of the PV power plant are obtained from PVGIS. One-day global irradiance distribution for one month of each season is shown in Fig. 8 for the sampling of global irradiance (W/m 2 per day) data. The power produced by the PV power plant is influenced not only by the global irradiance (W/m 2 ), but by many environmental factors such as the temperature of the PV module T (°C), ambient temperature Ta (°C), wind speed Vwind (m/s) and direction, and relative humidity. Besides, the global irradiance and temperature on individual solar cells are not the same as in the case of partial shading. [28] . A simplified model is used to estimate the temperature of solar cell. = 0.943 + 0.028 − 1.528
Although this model was originally developed to estimate the temperature of the PV module, it can also be used to estimate cell temperature under partial shading conditions [28] . Environmental factors that directly affect the power produced by the PV module are obtained from Turkish State Meteorological Service and the average daytime temperature of the PV module is calculated for each month. The global irradiance (W/m 2 ), ambient temperature Ta (°C), wind speed Vwind (m/s) and the calculated average temperature of the PV module T (°C) are given in Table 2 . The grid power and the grid current curves obtained from the simulation for a day of July are shown in Fig. 9 . In the simulation, a one second scale was used instead of an hour as the time axis. These simulations were repeated for hourly global irradiance values shown for four months in Fig. 9 for all months of the year. The power generation values of the power plant were obtained using monthly total global irradiance data obtained from the power curves. Monthly energy generation data obtained from the simulation and monthly generation data of the power plant in 2018 are given in Table 3 . While the actual total energy production of the power plant was 3,122,015.50 KWh, it was obtained from the PVYST and our simulation as 3,027,000.00 KWh and 3,008,281.40 KWh, respectively. The same production data are also shown in Fig. 10 . As can be seen, there is no big difference between actual values and simulation values. The energy production of a PV power plant varies depending on many meteorological factors except irradiance. These factors are not the same for all the years. Fig. 10 shows the actual variation in the daily energy production of the power plant by months. There are no major changes in the continental climate in the summer months. However, in the spring, the autumn and especially the winter months, there may be changes in the climate for the different years. Besides, as can be seen in Fig. 11a , in the months of summer, the estimation values were closer to the actual values, but in the months of the other seasons, the error was greater. Considering the meteorological differences that may occur over the years, it is thought that the power plant average production value of many years will overlap with the estimation values. The power plant's daily production data for 2018 are available. In the simulation, daily production estimates for each month were also obtained by using the values of global clear-sky irradiance on a fixed plane, Gc (W/m 2 ). These values are compared with the maximum energy produced by the power plant for each month per day. The actual and estimated values of these data are given in the Fig. 11b . Since the values predicted by the simulation represent the maximum energy that can be generated, the estimation values in all months were higher than the actual values. However, in the warmer months when the meteorological changes were less in years, the values were closer to each other.
Conclusion
The performance of a PV power plant primarily depends on weather conditions. However, when the long-term data are used, actual production performance of the power plant over the years can be achieved. In the study, 1.6 MW PV power plant installed in Konya Province in the Central Anatolia region of Turkey was evaluated through production performance. The PV power plant is modelled on the bases of parameters that significantly affect performance, such as temperature, radiation, wind, and sunshine duration. The monthly energy production data of the power plant were compared with the actual values. While the actual total energy production of the power plant in 2018 was 3,122,015.50 KWh, it was obtained from the PVYST and the resulted simulation as 3,027,000.00 KWh and 3,008,281.40 KWh, respectively. Compared to monthly values, it is observed that especially in the warmest months when climatic changes are low, the estimation values overlap with actual values. The maximum energy that the power plant can produce in a day for each month were also estimated by using clear sky radiation values. The performance and production values of the power plant can be estimated over the years by modelling the PV power plant. 
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